Abstract. This paper presents a case study from the Amazon region of Brazil that explores stakeholder influence over the design and implementation of rainwater harvesting systems. This explorative study is based on the application of Social Network Analysis (SNA). A series of interviews were undertaken with experts in the field and the data was coded and analysed. A stakeholder's map is presented in an attempt to summarise the study's main findings and to graphically illustrate the key stakeholder influences. The primary outcome of this exercise was the identification of the key participants and challenges associated with the implementation of rainwater harvesting systems. This exercise also highlighted the lack of interaction between some stakeholders and the canalization of decision-making powers by a small number of agencies. The scope of the study was limited to a specific geographical region and is therefore context specific. Due to the constraints of this preliminary study, the full potential of SNA has not fully been explored in this analysis. The research has identified some redundancies with regards to the management of water in this region. It has also highlighted other issues associated with 'lack of inclusion' within the decision-making process and planning for the implementation of rainwater systems. The study is considered to be novel within this geographical region. The use of such methods to map stakeholders and to graphically represent influential relationships, as well as the identification of previously unseen key actors should aid future attempts to implement rainwater harvesting schemes within this context. 
Introduction
The Amazon region experiences a number of significant challenges associated with its vast size and limited transport infrastructure. In many places, the river is the only viable transport link. These issues significantly impact the distribution and supply of key products and services, including the provision of clean water. This contributes to high local rates of waterborne disease, which are often aggravated by untreated water supply systems, inadequate/inappropriate sewage treatment facilities and open-air dumps. These issues are highlighted within local Municipal Sanitation and Management Plans which report that 91% of the municipalities have water supply systems. However, in 100% of the Amazon municipalities, the water quality does not comply with the minimum standards for human consumption as defined by the Ministry of Health. According to Brazil's National Water Agency (ANA, 2010) , about 70% of the population of the Northern region lack access to potable water. In response to these challenges, rainwater has been explored as an appropriate solution to enhance the provision of clean water to rural communities in the Amazon basin. This paper aims to explore stakeholder influence over the design and implementation of rainwater harvesting systems in this context. This explorative study is based on the application of Social Network Analysis (SNA) (see Section 3). A series of interviews were undertaken with local experts and the data then coded and analysed. A stakeholder's map is presented in Section 4 that summarises the key participants and challenges; these interactions are expounded in Section 5.
Water supply problems in the Amazon Region

Rainwater Harvesting
Harvesting rainwater for human consumption is not a new concept, since it has been employed by numerous civilisations over the centuries (Gnadingler, 2000; Tomaz, 2003; Kautsoyiannis et al., 2008) . Contemporary methods typically utilise roofs to collect rainwater. This approach -often described as Rooftop Rainwater Harvesting (RTRWH) -is employed in many different countries. For example, Zhu et al. (2009) (Oliveira, 2008) . In these countries, a range of stakeholders are involved in the promotion of rainwater harvesting systems including governments, national and local authorities, international development agencies and social organizations.
Most of these documented cases utilise roofs as the primary mechanism to collect water. But there are differences in the ownership and usage arrangements. For example, some schemes are private, whilst others are publically owned; similarly, some systems are designed serve whole communities, and others just a single household. The growing interest in the use of RTRWH has been driven by a range of factors -including problems associated with alternative water sources (e.g. contamination of groundwater sources; water system failures, maintenance and operational problems); increasing water demand in rural areas due to population growth; the increasing availability of low cost impermeable materials (e.g. tiles, veneers and galvanised iron roofing components) as a replacement for traditional straw roofs; and the emergence of increasingly economic and effective water storage devices (Fawkes, 1999) .
Rainwater harvesting in the Amazon: Belem case study
The following case study from the Belem district highlights some of the key issues associated with the supply of potable water to riverside communities in the Amazon region. This example highlights local complexities in terms of population, and the number of organizations associated with the management of water distribution and the advancement of future solutions. This study formed part of the wider AguaSocial project which has been described in other publications (Iorio et al., 2018) .
Two thirds of the Belem district is composed of river islands, in which the provision of water has not been officially registered and managed. This region suffers from the widespread degradation of water springs due to the increasing pressure of urban development. Whilst, the levels of Iron emanating from the local groundwater table are above recommended limits for human consumption. The underground aquifers are at a depth that makes them unviable for use; especially when considering the widespread distribution of population across this region -For example, the underground system in Ilha Grande is inoperative (despite its good condition) and the quality of the water delivered is questionable in terms of its Iron content (Veloso and Lopes, 2014) .
Technical studies exploring potable water supplies and consumption patterns were undertaken for Belem and the wider Amazon region by UNESCO in 2004. These studies concluded that despite the vast local water resources, the main limitation for their use for human consumption is related to the qualitative aspects of the water (Aragon, 2004) . Veloso (2012) investigated the consumption of water within two islands ('Ilha Grande' and 'Murutucu'); finding that 45% of these riverside populations buy water from informal distributors or 'boatmen'. These venders typically sell 20 litre barrels of untreated water that is collected either from surface or underground water sources. A further 20% of the surveyed populations reportedly consumed water directly from the river (Veloso, 2012) . The study also revealed that these communities often used a combination of different sources of water; for instance, to buy water from the mainland to drink and to use water from the river for cooking. Souza (2012) documented the case of another island 'Ilha Nova', where 100% of potable water comes from rainwater collectors; whilst Fenzl et al. (2010) highlighted the unique case of two islands ('Mosqueiro' and 'Outeiro') where the water is distributed via a public aqueduct.
In consequence, rainwater has been proposed as an appropriate source for human consumption in Belem (and the Amazon in general) due to the logistical challenges experienced in this region (e.g. limited
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Many recent rainwater collection systems employed within the Belem district, have been informal adaptations of the 'cistern based technologies' that have been implemented in other areas of Brazil. These modifications are the result of independent attempts to solve the issue of access to clean water by the riverside communities themselves (Veloso, 2012) . The 'cistern-based' approach was initially implemented in the semi-arid region via the 'One Million Cisterns' program; the Semi-Arid Articulation (ASA) program has been fully implemented providing concrete cisterns for multiple users. This was implemented through partnerships with individuals, the private sector, cooperation agencies and the federal government. However, some concern has been expressed regarding the quality of water delivered by these systems (Gnadingler, 1999; Gnadingler, 2007; Joventino et al., 2010; Souza et al., 2011 and Silva et al., 2012) . Furthermore, this technology has not proved to be appropriate for the bioclimatic conditions of the Amazon; and particularly for those riverside communities whose land is subject to the regular river tides and high levels of subsoil moisture and instability (Veloso, 2012) .
In response to these local problems, the University of Para (UFPA) established a research project to explore the use of rainwater as a potable resource for riverside and rural communities in the region. This project sought to appropriately adapt RTRWH technologies for the inherent local conditions. This research, and its resultant technological solutions have been well documented. These studies have explored the suitability of the aforementioned local RTRWH solutions to the bioclimatic conditions of the region and the impact of these to the riverside communities in terms of their access to quality and quantity of clean water, health and economic viability (Veloso et al., 2013) . The implementation process that was employed for the RTRWH approach employed slightly different mechanisms to those used for the ASA. In terms of the Belem case study, the project implementation was fully funded by the government; and involved multiple federal and local agencies, NGOs with strong influence in the region and community organizations.
However, a systematic identification of the key stakeholders and issues that affect the implementation and subsequent maintenance of the rainwater systems has not been documented. This is particularly relevant as the Amazon region is characterized by being under the jurisdiction of several offices at different administrative levels in the Brazilian government, and contains a multiplicity of communities that make this a highly complex case study in terms of policy making and socio-economic and technical interventions. In this context, this study intends to undertake an initial exploration of these complex interactions through the identification of key issues and stakeholders affecting the implementation of Rainwater systems using methods related to the analysis of complexity such as Social Network Analysis.
Methodology
Standard 'stakeholder mapping techniques' were used and enhanced by the use of Social Network Analysis (SNA). This exercise employed methodologies that have previously presented by Prell et al., (2007) ; Lim et al., (2010) and Lienert et al. (2013) ; and particularly focused upon the use of centrality measures to: assess the importance of the respective stakeholders; to anticipate possible conflictive relationships; and to enhance their participation and level of engagement with future design interventions.
The collection and analysis of data followed a two-stage process in which stakeholders were identified and classified via an iterative process that drew on a combination of methods (e.g. expert opinions, semi-structured interviews). This process followed the suggested multi-method approach by Brugha and Varavasovsky (2000) 728 Reed et al. (2009) . To identify stakeholders, the respondents were asked to: 1) mention all stakeholders and issues that may influence or are affected by the implementation of rainwater systems; 2) quantify the influence each stakeholder exerts upon water infrastructure planning (Brugha and Varavasovsky, 2000) . Similar stakeholders, such as community organizations, were merged into stakeholder groups, in an attempt to simplify the analysis.
A 'relational matrix' was created based on a typology in an attempt to classify stakeholders along the vertical axis (i.e. from national, federal, county, local, and off-site levels to a local, on-site level). A further typology was employed to distinguish between those agents who affect (determine) a decision/action, and those affected by this decision/action. The matrix also included those issues that had been identified in the conversations with experts and how these issues related to the different actors. This data was analyzed in UCINET (Borgatti et al., 2002) . The potential influence of stakeholders upon the policy making process can be assessed in network terms via their connectivity to others. To assess this feature, we used measures of centrality as described by Freeman (1979) . More specifically, we took into consideration the measurement of degree centrality, which considers the ties that each stakeholder shares directly with other stakeholders. It considers the local structure in which an actor is embedded (Akhmetshin et al., 2017; Ansell, 2003; Crona and Bodin, 2006) . In policy networks, stakeholders with high degree centrality have better and more direct access to information and have considerable potential for framing the planning process. Power and importance were assessed via 'betweenness centrality' (Freeman, 1979; Ingold, 2011) . Where 'betweenness centrality' calculates the number of times a stakeholder is on the path between two non-interlinked nodes. A stakeholder with high 'betweenness centrality' can thus act as a 'gatekeeper' or 'mediator'. If absent, the network would fall apart. Hence, the more central the stakeholder is, the better they are integrated into the network and can influence the planning process in resource management policy.
Results and analysis
The results of the SNA mapping exercise for the issues and stakeholders associated with the implementation of rainwater systems in the Belem district are presented in Figure 1 
Source: Personal Elaboration
It should be noted that issues are represented on Figure 1 by triangles and the stakeholders by circles; whilst the connections between them are represented by links. The analysis of the connectivity of stakeholders and issues is guided by their 'level of centrality' and 'betweenness'; with some nodes (issues and stakeholders) ranked according to parameters such as degree and betweenness -to reflect their influence in the network and functions of brokerage. These 'nodes' were ranked (see Table 1 for Issues and Table 2 
Funding
With the highest value of connectivity this issue is the most connected to stakeholders and seems to strongly influence the future implementation of rainwater systems. The fact that the funding comes mainly from three sources (Government: via public bank -BASA; Research funds -FAPESPA-and Charities) makes the implementation extremely dependant and sensitive to the financial environment.
Education
This issue is connected to providers (UFPA, CARITAS, Forum das Ilhas) and the recipient community (either directly or via several community organizations: unions, community associations). In general, the education linked to rainwater systems and their implementation appears adequate, however, it is sensitive to the level of education and the social dynamic of the recipient communities (e.g. peer pressure, the perception of wealth).
Conflict
This issue was connected mainly to the different organizations acting in representation of the recipient communities. Community organization is a complex issue itself, as there are more than 100 different community organizations in the region with different agendas and political interests. It is noticeable that the issue was not raised in relation to the multiplicity of governmental agencies involved -in many cases with overlapping functions.
Relationship
In general, the issue relates to the brokerage function between delivery organizations and recipient communities. the common perception from stakeholder interviews is that the relationship between delivery organizations -at different governmental levels (e.g. MDSA -Federal government; SEASTER -County government; AMAE -Municipal government) must improve and be more efficient.
Monitoring & Maintenance
Despite the provision of recent training on monitoring and infrastructure maintenance. These components appear deficient and unconnected to governmental agencies. Only UFPA currently perform limited observations on the operational status and condition of a limited number of rainwater systems in the regionaiming to develop a systematic approach to collect information to inform policy. Table 2 . Classification of Stakeholders that impact the implementation of rainwater systems in the Belem District (ranked in terms of importance)
Source: Personal Elaboration
Residents
Their high level of centrality is easily explained as these are the direct recipients of the rainwater systems.
CARITAS
CARITAS (Catholic NGO) is perhaps the most influential organization at the ground level. It is well connected with all the key governmental organizations at all levels (Federal, County, and Municipality) and has strong links with the communities and community organizations in the region.
UFPA
The Federal University is a well-connected organization with strong links with governmental agents. Its brokerage role is crucial as is the only agent in the network with links with federal institutions such FAPESPA and CNPq.
SEASTER
Its high level of centrality is explained as it is the only organization and county level related to the delivery and implementation of rainwater systems. They act as brokers for federal agents and point of contact and coordination for local agencies.
Community Associations
Their centrality is explained as they act as intermediaries with final users for the implementation of rainwater systems. They have high levels of complexity due their number and variety.
Forum das Ilhas
Its high level of connectivity relates to its function as a broker at a local level. Structurally equivalent to CARITAS, it lacks the connections with organizations at the federal level.
Unions
Their centrality relates to the connections with local organizations at the community level. Structurally equivalent to community associations
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Material
Traders & Water Traders
These stakeholders are negatively influenced by the implementation of rainwater systems as their economic activity is related and dependent on the existence of such autonomous water supply systems. Is noticeable that they are not connected with any of the delivery organizations suggesting that they have not been involved in any stage of the development and implementation of rainwater systems. This is reflected by significant low values of centrality.
Source: Personal Elaboration
Discussion
This study has indicated that the key stakeholders are the Residents, UFPA, SEASTER and CARITAS. Their importance in the network is related to the fact that most of them are local to Belem and that they are key brokers for the design and implementation of local rainwater systems. These stakeholders (UFPA, SEASTER, CARITAS) also play an important role in terms of applying for public funds and liaising with other public agencies at different administrative levels (State, Federal, National) . Further research is recommended to better understand their role and impact in the event of privately funded implementation of rainwater systems.
From the interviews and the SNA, it is evident that the implementation of rainwater systems is highly dependent on public funding where the NGOs (e.g. CARITAS) act mostly as delivery partners. In this sense, to increase the use of rainwater in the region -given Brazil's current economic climate -this study highlights the need to explore new sources of funding based on private capital and/or autonomously funded by the recipient communities (for instance via social entrepreneurship and/or social banking).
The study also suggests that the overlapping functions of governmental agencies at different levels (Federal, County, Municipality, Local) are not problematic at a practical level -due perhaps to accumulated expertise/experience by delivery agencies at the community/local level. However, this has the potential to be a major issue in terms of the level of ownership and autonomy that communities might have during the implementation process. This issue could be exacerbated by the current economic environment and the budget limitations of the multiple agencies involved. In this respect, the study suggests that more autonomy in the local administration with more direct access to funding sources could simplify and reduce the administrative complexity and cost of the implementation process. Here again, the adoption of private or autonomously funded initiatives could bypass and/or simplify the complexity and bureaucratic cost of the multiple overlapping agencies involved; increasing the relevance of the local agencies that could locally regulate the implementation of rainwater systems.
The second major issue at the local level is the complexity and variety of community associations (generalized in this study but with more than 100 groups in the Belem area). These groups play an important role in the recipient end of the implementation process facilitating issues such as ownership and management of the rainwater systems; the existence of unions with structural equivalence in the network may suggest that such groups could be used to bypass the role/function and complexity of the community associations to deliver rainwater systems. It is also noticeable that the strong local influence of CARITAS is derived from: their religious affiliation (Catholic charity); their contacts with different agencies at different administrative levels; and their capacity to mobilize financial resources.
In terms of the design process, it is concerning that not all the economic/social groups affected by the implementation of the rainwater systems have been involved in the different stages of development and implementation of rainwater systems in the region. It is particularly concerning, that some groups who might be negatively affected by this initiative (e.g. water and building materials traders) have been excluded from the decision-making process. It is recommended that these stakeholders are consulted with respect to any future
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Conclusions
It is considered that the SNA methodologies represent a useful tool to help map and analyse the complex functions and relationships between the different agents associated with this issue. However, the scope of the SNA techniques employed for this study have been constrained by data collection issues and the size of the datasets used. Limited access to information, public records and the availability of data and time have impacted the depth of this exploration. The use of more complete datasets including interviews (i.e. cascade model) involving all the agents identified as well as a comprehensive literature review of previous implementation exercises might provide a more detailed view of the issues affecting the implementation of rainwater systems in the region. This in turn should lead to a better understanding of the institutional aspects affecting the development of this initiative. At ground level, the use of interviews could more accurately identify key stakeholders in the communities who play enabling roles. This additional knowledge could enhance future attempts to secure other forms of funding.
